An efficient escape and collection of photoexcited carriers and factors which influence them are the main concern of this work, because of their importance for photovoltaic applications. The temperature dependence of PL, PC, and dark current (DC) is used to relate the amplitude of photocurrent with the carrier escape rates and the losses due to nonradiative recombination. 
II. SAMPLES

IV. RESULTS
A. PL measurements
PL spectra for both InGaAsP MQW samples at 77 K and zero voltage bias are shown in Fig. 2 (h_,=532 nm). The peak at 1.23-1.24 # is assigned to the radiative recombination of carriers in the QW (a transition between electron and heavy hole ground states), while the 1.07 /z peak, to which we will later refer as "barrier" peak, is due to the emission from the barrier, cap, and confinement layers. _" zo.
.=_ a, 1.5- Figure  10 presents the cal- In modeling, escape rates arising from both tunneling and thermionic emission are considered, and it is assumed that these processes were independent of each other.
C. Dark current measurements
The inset in Fig. 6 schematically shows the two escape channels for the photoexcited carriers in the QW.
The total escape time "rtotaI can be written as (esc index in 7"is omitted for the brevity)
where rtn and rt are thermionic emission and tunneling times in the quantum well, respectively. The rth is given by 14
where m,,. is the effective carrier mass in the quantum well, w the well width, and Ebarr(F) the barrier height for n-th energy subband.
In the presence of an electric field F, the barrier height can be written as
where AEc, _ is a conduction or valence band offset, E, the energy of n-th energy subband measured from the center of the well, and q the electron charge. 
